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ABSTRACT

The results of a multi-year research program to identify the fac-

tors associated with variations in subjective workload within and

between different types of tasks are reviewed. Subjective evalua-

tions of I0 u'orkload-related factors were obtained from 16

different ezperiments. The experimental tasks included simple cog-

nitit, e and manual control tasks, complex laboratory and super-

visory control tasks, and aircraft simulation. Task-, behavior-,

and subject-related correlates of subjective workload experiences

varied as a function of difficulty manipulations within experiments,

different sources of workload between experiments, and individual

differences in workload definition. A multi-dimensional rating

scale is proposed in which information about the magnitude and

sources of siz workload-related factors are combined to derive a
sensitive and reliable estimate of workload.

INTRODUCTION

This chapter describes the results of a inu]ti-year research effort aimed at empirically iso-

lating and defining factors that are relevant to subjective experiences of workload and to for-

mal evaluation of workload across a variety of activities. It includes information on how peo-

ple formulate opinions about workload and how they express their subjective evaluations using

rating scales.

Despite much disagreement about its nature and definition, workload remains an impor-

tant, practically relevant, and measurable entity. Workload assessment techniques abound;

however, subjective ratings are the most commonly used method and are the criteria against

which other measures are compared. In most operational environments, one of the problems

encountered with the use of subjective rating scales has been high between-subject variability.

We propose a rating technique by which variability is reduced. Another problem has been that

the sources of workload are numerous and vary across tasks, sources of workload. The pro-

posed rating technique, which is multidimensional, provides a method by which specific
sources of workload relevant to a given task can be identified and considered in computing a

global workload rating. It combines information about these factors, thereby reducing some

sources of between-subject variability that are experimentally irrelevant, and emphasizing the

contributions of other sources of variability that are experimentally relevant.

In P. A. Hancock & N. Meshkati (Eds.),

Human Mental Workload (pp. 239-250).
Amsterdam: North Holland Press. (1988).



Conceptual Framework

We began with the assumption that workload is a hypothetical construct that represents

the cost incurred by a human operator to achieve a particular level of performance. Thus, our

definition of workload is human-centered, rather than task-centered (refs. 1-12, 1-22). An

operator's subjective experience of workload summarizes the influences of many factors in

addition to the objective demands imposed by the task. Thus. workload is not an inherent pro-

perty, but rather it emerges from the interaction between the requirements of a task. the cir-

cumstances under which it is performed, and the skills, behaviors, and perceptions of the

operator. Since man)" apparently unrelated variables may combine to create a subjective

workload experience, a conceptual framework was proposed (ref. 1-12) in which different

sources and modifiers of workload were enumerated and related (Figure 1).

Imposed workload refers to the situation encountered by an operator. The intended

demands of a task are created by its objectives, duration, and structure and by the human and

system resources provided. The actual demands imposed by a task during its performance by a

specific operator may be modified by a host of factors (e.g., the environment, system failures,

operator errors) that are unique to that occurrence. These incidental factors may contribute

either subtle or substantial sources of variability to the workload imposed by the task from

one performance to the next.
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Figure 1. Conceptual framework for relating variables that influence human performance and
workload.



System response refers to the behavior and accomplishments of a.man-machine system.

Operators are motivated and guided by the imposed demands, but their behavior also reflects

their perceptions about what they are expected to do and the strategies, effort, and system

resources expended to accomplish the task objectives. Operators exert effort in a variety of

ways. Physical effort is the easiest to conceptualize, observe, and measure, yet its importance

in advanced systems is diminishing, iXlental effort serves as a potent intervening variable

between measurable stimuli and measurable responses, but it is difficult to quantify directly.

System performance represents the product of an operator's actions and the limitations, capa-

bilities, and characteristics of the system controlled. Perfor,,,ance feedback provides operators

information about their success in meeting task requirements, allowing them to adopt different

strategies or exert different levels of effort to correct their own errors.

Experienced workload and physiological consequences reflect the effect on an operator of

performing a task. It is the subjective experience of workload tha_ is the legitimate domain of

subjective ratings. However, it is not likely that an operator's experience of workload is a sim-

ple combination of the relevant factors. Moreover, ratings may be biased by preconceptions.

Since operators are unlikely to be aware of every task variable or the processes that underlie

their decisions and actions, their experiences will not reflect all relevant factors. In addition,

they are influenced by preconceptions about the task and their definition of workload. Thus,

we draw a distinction among the level of workload that a system designer intends to impose,

the responses of a specific man-machine system to a task, and operators' subjective experi-

ences.

The importance of subjective experiences extends beyond its association with subjective

ratings. The phenomeno]ogical experiences of human operators affect subsequent behavior, and

thus affect their performance and physiological responses to a situation. If operators consider

the workload of a task to be excessive they may behave as though they are overloaded, even

though the task demands are objectively low. They may adopt strategies appropriate for a

high-workload situation (e.g., shedding tasks, responding quickly), experience psychological or

physiological distress, or adopt a lower criterion for performance.

Information Provided by Subjective Ratings

In comparison with other workload assessment methods (refs. 1-15, 1-22), subjective rat-

ings may come closest to tapping the essence of mental workload and provide the most gen-

erally valid and sensitive indicator. They provide the only source of information about the

subjective impact of a task on operators and integrate the effects of many workload contribu-

tors. However, there are practical problems associated with translating a personal experience

of workload into a formalized workload rating. People often generate evaluations about the

difficulty of ongoing experiences and the impact of those experiences on their physical and

mental state. However, they rarely quantify, remember, or verbalize these fleeting impressions.

In fact, they may not identi_ their cause or effect with the concept of "workload" at all.

They are aware of their current behavior and sensations and the results of cognitive processes,

although they are not aware of the processes themselves ('refs. I-8, 1-18). Only the most recent

information is directly accessible for verbal reports from short-term or working memory.

Thus, a great deal of information may be available as an experience occurs; however, the

experience of each moment is replaced by that of the next one. The workload of an activity

may be recalled or re-created, but the evaluation is limited to whatever information was

remembered, incidentally or deliberately, during the activity itself. For these and other rea-

sons. subjective ratings do not necessarily include all of the relevant information and they

may include information that is irrelevant.

Workload is experienced as a natural consequence of many daily activities. However, a

formal requirement to quantify such an experience using experimentally-imposed rating scales



is not a natural or commonplace activity and may result in qualitatively different responses, r

For this reason, Turksen and Moray (ref. 1-25) suggested that the less precise "linguistic"

approach provided by fuzzy logic might be appropriate for workload measurement because

people naturally describe their experiences with verbal terms and modifiers (e.g., "high",
"easy", or "moderate") rather than with numerical values. If workload is a meaningful con-

struct, however, it should be possible to obtain evaluations in a variety of ways either while a
task is being performed or at its conclusion.

A formal requirement to provide a rating does encourage subjects to adopt a more careful

mode of evaluation, to express their judgments in a standardized format, and to adopt the

evaluation criteria imposed by the experimenter. Workload evaluations are typically given

with reference to arbitrary scales labeled with numbers or verbal descriptions of the magni-

tudes represented by extreme values. These often have no direct analog in the physical world.

Since it is unlikely that individuals remember specific instances of low. medium or high work-

load to serve as a mental reference scale labeled "workload". absolute judgements or comparis-

ons across different types of tasks are not generally meaningful. For features that can be

measured in physical units, it is possible to distinguish among absolute, relative and value

judgements from the objective information available. For workload ratings, it is relatively

more difficult to distinguish between an "objective" magnitude estimate and a judgement
made in comparison to an internal reference. Rating formats might include discrete numeric

values, alternative descriptors, or distances marked off along a continuum. Finally, rating

scales might be single-dlmensional or multi-dimensional requiring judgements about several
task-related or psychological variables.

Evaluating Ill-Defined Constructs

It is likely that the cognitive evaluation processes involved when people make workload

assessments are similar to those adopted when the)" evaluate other complex phenomena.

Evaluation is typically a constructive process, operating on multiple attributes of available
information. It relies on a series of inferences in which the weight and value that an individual

places on each piece of information may be unique and refers to their existing knowledge base

(ref. I-l). Some evaluations are relatively direct, based on immediate sensory or perceptual

processes, whereas others involve organization of background knowledge, inference, and relat-

ing existing knowledge to different aspects of the current situation. We feel that the experience
of workload represents a combination of immediate experiences and preconceptions of the

rater and is, therefore, the result of constructive cognitive processes.

In making many judgements, people apply heuristics that are natural to them and seem

to be appropriate to the situation. Heuristics simplify evaluation and decision processes

because they can be applied with incomplete information, reducing the parameters that must

be considered by relating the current situation to similar events in the rater's repertoire. How-

ever, their use may lead to systematic biases (ref. 1-26). Different components of a complex
construct may be particularly salient for one individual but not for another and for one situa-

tion but not another. Thus, different information and rules-of-thumb may be considered.

The heuristics used to generate evaluations of various physical features can be deter-

mined systematically. This is done by varying different features of an object and comparing

the evaluations to the objective magnitudes of the components. If there is a direct mapping
between an increase in a relevant physical dimension and the obtained evaluation, the nature

of the relationship can be identified. These relationships are not likely to be linear, however.

Rather, noticeable differences in one or more dimensions are proportional to the magnitude of

the change. In addition, by varying the wording of written or verbal instructions, or presenting

different reference objects, the basis and magnitude of judgements can be manipulated (ref. 1-
10, 1-11).
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can be evaluated, but the two apparently comparable ratings would actually represent two
different underlying phenomena.

Sources of Rating Variability

Workload ratings are subject to a variety of task- and operator-specific sources of varla-

bility, some of which have been mentioned above (e.g.. identifiable biases held by the raters or

the objective manipulations of task parameters). Others represent the less predictable, but

measurable, behavioral responses of operators to the task. The remainder are more difficult to

identify: differences in sensitivity to the types and magnitudes of task manipulations, motiva-

tion. expectations, and subjective anchor points and interval values. The large between-

subject variability characteristic of subjective ratings does not, therefore, occur exclusively as

a consequence of random error or "noise". Instead, many of the sources of variability can be

identified and minimized through giving instructions, calibrating raters by demonstrating con-

crete examples, providing reference tasks, and identifying subjective biases and natural infer-

ence rules. The _;.'orkload experiences of operators are difficult to modify, but the procedures

with which evaluations are obtained can b¢ designed to reduce unwanted between-subject
sources of variability.

Research Approach

The goal of the research described below was to develop a workload rating scale that pro-

vides a sensitive summary of workload variations within and between tasks that is diagnostic

with respect to the sources of workload and relatively insensitive to individual differences

among subjects. We formulated a conceptual framework for discussing workload that was

based on the following assumptions: workload is a hypothetical construct; it represents the

cost incurred by human operators to achieve a specific level of performance and is not, there-

fore, uniquely defined by the objective task demands; and it reflects multiple attributes that

may have different relevance for different individuals; it is an implicit combination of factors.

Although the experience of workload may be commonplace, the experimental requirement to

quantify such an experience is not. Nevertheless, subjective ratings may come closest to tap-

ping the essence of mental workload and provide the most generally valid, sensitive and practi-

cally useful indicator. The ability of subjects to provide numerical ratings has received limited

theoretical attention because ratings are subject to "undesirable" biases. In fact, these biases

may reflect interesting and significant cognitive processes (ref. I-1). In addition, although

there may be wide disagreement among subjects in the absolute values of ratings given for a

particular task, the rank-ordering of tasks with respect to workload is quite consistent and the i

magnitudes of differences in ratings among tasks are reasonably consistent. There is a com-

mon thread that unites subjective ratings that can be termed "workload". The problem is how

to maximize the contribution of this unifying component to subjective ratings, and to identify

and minimize the influences of other, experimentally irrelevant, sources of variability.

To accomplish this, a set of workload related factors was selected and subjective ratings

were obtained in order to determine the following: (1) What factors contribute to workload?

(2) What are their ranges, anchor points, and interval values? (3) What subset of these factors

contributes to the workload imposed by specific tasks? and (4) What do individual sub-

jects take into account when experiencing and rating workload? The following sections review

the results of a series of experiments that were undertaken to provide such a data base. The

goal was to provide empirical evidence about which factors individuals do, or do not associate

with the experience of workload and the rules by which these factors are combined to generate
ratings of overall workload.

First, we analyzed the data within each experiment to determine the sensitivity of indivi-

dual scales, overall workload (OW) ratings, and weighted workload (WWL) scores to experi-

mental manipulations. Next, the data from similar experiments were merged into six



categories.Correlationaland regressionanalyseswereperformedon these data, as well as on

the entire data base, to determine (1) the statistical association among ratings and (2) the

degree to which these scales, taken as a group, predicted OW ratings. The results of these ana-

lyses were then used to select a limited set of subscales and the weighting procedure for a new

multi-dimensional workload rating technique.

We found that, although the factors that contributed to the workload definitions of indi-

vidual subjects varied as predicted, task-related sources of variability were better predictors of

global workload experiences than subjective biases. A model of the psychological structure of

the subjective workload estimation process evolved from the analyses performed on this data
base. It is presented in Figure 2.

This model represents the psychological structure of subjective workload evaluations. It

is adapted from a similar structure proposed by Anderson (ref. l-l) for stimulus integration,

since the process of workload assessment is alrn¢,st certainly an integrative process in which

external events are translated into subjective experiences and overt responses. The objective

mental, physical, and temporal demands ('.x,ID.PD and TD) that are imposed by a task are

multi-dlmensiona] and may or may not covar.v. They are characterized by objective magni-

tudes (NI) and levels of importance (I) specific to a task. When the requirements of a task are

perceived by the performer, their significance, magnitudes, and meaning may be modified

somewhat depending on his level of experience, expectations, and understanding. These

psychological variables, which are counterparts to the objective task variables, are represented

by rod, pd, and td. They yield emotional (e.g., FR), cognitive, and physical (e.g., EF)

TASK-RELATED SUBJECT-RELATED FACTORS OVERT

FACTORS RESPONSE

PD, ME), TD Objective physical, mental and temporal task demands

M, I Objective magnitudes and importance of sources of demands

pd, md. td Psychological representations of task demands

BR Behavioral responses to task demands

OP, EF, FR Subjective responses/evaluations of behavioral responses

w ,Subjectk;e weighting of factors

Ewl Integrated subjective experience of workload

Rwl Formal numeric or verbal evaluation of workload

Figure 2. A model of the subjective workload estimation process.



responsesthat may beevidencedasmeasurableovert behaviors(BR). Theresultsof the indi-
vidual_"actionsmay beself-evaluated(e.g.,OP), therebyleadingto adjustmentsin the levels
or types of responses or a re-evaluation of task requirements. These subjective evaluations,

too. may or may not covary with each other and, although they are related to the objective

demands, specific stimulus attributes may differentially influence behavior under different cir-

cumstances. Subjectively weighted (w) combinations of such variables can be integrated into

a composite experience of workload (Ewl). This implicit experience may be converted into an

explicit workload rating (R_vl) in response to an experimental requirement. The resulting

values do not represent inherent properties of the objective demands. Rather. they emerge

from their interaction with a specific operator. In order to predict and understand the relation-

ship between objective task manipulations and rated workload, the salient factors and the

rules by which they are objectively and subjectively combined must be identified and an

appropriate procedure developed to obtain an accurate summary evaluation.

Thus. two types of inforl_,_,don are needed about each factor included in a multi-

dimensional workload scale: (1) its subjective importance as a source of loading for that type

of task (its weight), and (2) its magnitude in a particular example of the task (the numerical

value of a rating). For example, the mental demands of a task can be the most salient feature

of its demand structure, although the amount of such demands can vary from one version of

the task to another. Conversely, the value of one might vary at different levels of the other:

time pressure might become relevant only when it is high enough to interfere with perfor-

mance.

A ratingscale is proposed, the NASA-Task Load Index (NASA-TLX), that consists of six

component scales. An average of these six scales, weighted to reflcct the contribution of each

factor to the workload of a specific activity from the perspective of the rater, is proposed as an

integrated measure of overall workload. Finally, the results of a validation and reliability

study are described. See Reference Section III for a listing of recent experimental uses of the

NASA-TLX.

Research Objectives and Background

Our first step was to ask people engaged in a wide range of occupations to identify which

of 19 factors were subjectively equivalent to workload, related to it, or unrelated (ref. 1-13).

Surprisingly, none of the factors was considered to be irrelevant by more than a few raters,

and at least 14 of the factors were considered to be subjectively equivalent to workload by

more than 60_ of them..No relationship between the response patterns and the evaluators'

educational or occ.upational backgrounds were found.

Our next step was to ask several groups of subjects to evaluate their experiences with

respect to the 14 most salient factors following a variety of laboratory and simulated flight

tasks (refs. I-2. 1-14,I-29). Different concepts of workload were identified by determining which

component ratings covaried with an overall workload rating that was provided by each subject

after each experimental condition. Several factors (e.g., task difficulty and complexity, stress,

and mental effort)" were consistently related to workload across subjects and experiments.

Other factors (e.g., time pressure, fatigue, physical effort, and own performance) were closely

related under some experimental conditions, and not under others.

Again, the most salient factors were selected and a set of 10 bipolar rating scales were

developed (Figure 3): Overall Workload (OW), Task Difficulty (TD), Time Pressure (TP),

Own Performance (OP), Physical Effort (PE), Mental Effort (ME), Frustration (FR), Stress

(ST), Fatigue (FA), and Activity Type (AT). AT represented the levels of behaviors identified

by Rasmussen (ref. 1-19): skill-based, rule-based, and knowledge-based. It has been suggested
that the three levels of behavior are associated with increasing levels of workload (refs. 1-16, l-



FIGURE3:RATINGSCALEDESCRIPTIONS

Title Endpoints Descriptions

OVERALLWORKLOAD Low, High

TASK DIFFICULTY

TIME PRESSURE

PERFORMANCE

MENTAL/SENSORY EFFORT

PHYSICAL EFFORT

FRUSTRATION LEVEL

STRESS LEVEL

FATIGUE

ACTIVITY TYPE

Low, High

None, Rushed

Failure, Perfect

_¥one,

Impossible

]_'onej

Impossible

Fulfilled,

Ezasperated

Relazed, Tense

Ezhausted, Alert

Skill Based,

Rule Based,

Knowledge
Based

The total workload associated with the

task, considering all sources and com-
ponents.

Whether the task was easy or demand-

ing, simple or complex, exacting or for-
giving.

The amount of pressure you felt due to
the rate at which the task elements

occured. Was the task slow and leisurely
or rapid and frantic?

How successful you think you were in

doing what we asked you to do and how

satisfied you were with what you accom-
plished.

The amount of mental and/or perceptual

activity that was required (e.g., thinking,
deciding, calculating, remembering, look-

ing, searching, etc.).

The amount of physical activity that

was required {e.g., pushing, pulling,

turning controlling, activating, etc.}.

How insecure, discouraged, irritated, and

annoyed versus secure, gratified, content,
and complacent you felt.

How anxious, worried, uptight, and har-

rased or calm, tranquil, placid, and
relaxed you felt.

How tired, weary, worn out, and

exhausted or fresh, vigorous, and ener-

getic you felt.

The degree to which the task required
mindless reaction to well-learned rou-

tines or required the application of

known rules or required problem solving

and decision making.



2'_).Eachscalewaspresentedas an 12-cmline with a.title (e.g.,.NIENTALEFFORT) and
bipolardescriptorsat eachend (e.g..HIGH/LOW)..Numericalvalueswerenot displayed,but
valuesrangingfrom 1 to 100wereassignedto scalepositionsduringdata analysis. Thissetof
scaleswasusedto evaluatetheexperiencesof subjectsin 25differentstudies.Theratingswere
obtainedafter eachexperimentaltask. Tile resultsobtainedin 16of theseexperimentsarethe
focusof the current chapter. Since the research questions and environments differed from one

experiment to the next. the data base includesa broad set of experiences in which the associa-

tions among workload-related factors, global ratings of workload, and measures of perfor-
mance could be evaluated.

The relative importance of the nine component factors to each subject's personal

definition of workload was determined in a pretest. All possible pairs (n = 36) of the nine fac-

tors were presented in a different random order to each subject. The member of each pair
selected as most relevant to workload was recorded and the number of times each factor was

selected was computed. The resulting values could range from 0 (not relevant) to 8 (more

important than any other factor). The more important a factor was considered to be, the

more weight the ratings of that factor were given in computing an average weighted workload

score (W_,VL) for each experimental condition. These data were obtained for two reasons: (1)

to examine the relationship between the expressed biases of subjects about each factor and the

associations between the magnitude of the ratings for the same factors and rated OW, and (2)

to use these as weights in combining the nine bipolar ratings to produce a workload score that

emulated the heuristics that subjects reported using.

In computing the weighted workload scores, we assumed the following: (1) The factors

considered in formulating a single OW rating varied from one subject to the next, contribut-

ing to between-subject (B-S) variability. (2) Subjects would be able to evaluate all of the fac-

tors (even though they might not normally consider them in evaluating workload). (3) The

subjects could judge the magnitudes of the component factors more accurately and with less

B-S variability than they could the fuzzier concept of OW. (4) The ratings the subjects made

might represent the "raw data" for subjects' natural inference rules. (5) By combining these

component judgements according to each subject"s own inference rules (as reflected in the

workload weights), an estimate of workload could be derived (WWL) that would be less vari-

able between subjects than ratings of OW. (6) The combination rules would be linear. (7) The

weighted averaged ratings would reflect the general importance of the factors to individual

subjects and their rated magnitudes in a given task.

Our goal was to de_ermine which scales best reflected experimental manipulations within

experiments, differentiated among different types of activities, provided independent informa-

tion. and were subjectively and empirically associated with global workload ratings. To

accomplish this. we attempted to obtain information about the individual and joint relation-

ships among the nine factors. OW. and experimental manipulations from many perspectives to

obtain the most complete understanding of the underlying functions.

OVERALL RESULTS

The experiments included in the data base described in this chapter are listed in Refer-

ence Section II. Each one was analyzed individually and the relationships among performance

measures, ratings, WWL scores, and experimental variables have been reported elsewhere.

Thus, specific experimental results will not be described below. Instead, more global state-

ments germane to the definition and evaluation of workload in general will be made for

categories of similar experiments and the entire data base. Although many of the same sub-

scales and the weighting technique were used in other experiments, these were not included

either because the raw data were not readily available or because one or more subscales were

not used (refs. I-5, 1-17, 1-27, 1-28).



The data were divided into two "population" data bases. The rating data base con-
tained 34_31 entries for each of the 10 scales and WWL. The weight data base contained the

workload biases given by the same 247 subjects. Figure 4 presents the average weights given
to the nine factors, and presents the average ratings. Tables la and lb show the correlations

among the "*'eights placed on each factor and among the ratings, respectively. Figure 5
presents the relative frequency distributions of obtained ratings and WWL scores.

A variety of statistical analyses were performed within individual experiments to demon-

strate the effectiveness of the experimental manipulations. They included analyses of variance

and correlations among measures of workload and performance. In addition, multiple correla-

tions among individual rating scales were performed, the coefficients of variation (SD/Mean)
for OW and for WWL were computed for individual experimental conditions, and sensitivity

tests were conducted to compare the percentages of variance accounted for by the OW rating

scale and the WWL score. Additional analyses were also performed on the groups of data in

each category and for the entire data base. Non-parametric Komalgorov-Schmirnoff tests (ref.
1-23) were performed to compare distributions of ratings given for each scale among the

categories of experiments and against the "population" data base. Standard multiple correla-

tions were performed among the scales and among the workload-importance weights.

The individual scales were correlated with OW to determine the associations of each one

with the more global construct across all categories and within each category. In addition, all

nine scales were regressed against OW to determine the percent of variance in OW ratings for
which their linear combination accounted.

Stimulus attributes were under only limited experimental control and may have been too

inter-correlated to discriminate among the range of individual dimensions represented in either

individual or collective experiments. Furthermore, the variability in generating workload rat-

ings may not have depended solely on the experimentally imposed tasks (ref. I-1) because

raters may or may not have perceived the task parameters in the same way (which could lead

to a subject by task interaction). Finally, the fact that there was multi-collinearity among the

component scales suggests that the beta weights for individual factors may not have reflected

their individual and joint predictive power. Nevertheless. the beta weights (Table 2a) taken in

conjunction with the correlations between each factor and OW enabled us to identify the pri-
mary sources of workload in each type of task. For.slmpllclty's sake. an)" correlation that

accounted for more than 50 percent of the variance will be considered. The squared correlation

coefficients for each factor with OW are presented in Table 2b.

Weights

Although there was considerable disagreement among subjects about which combinations
of factors best represented their concept of workload, some consistent trends were observed

(Figure 4a). TP was considered the most important variable, followed by FR. ST, ME and

TD. PE was considered the least important variable and FA and AT were also relatively
unimportant. The importance assigned to each factor appeared to be relatively independent of

that assigned to an)' other (Table la). To some extent this is an artifact of the pairwise com-

parison technique with which the weights were obtained; every decision in favor of one

member of a pair of factors was made at the expense of whatever factor was not selected. The

greatest statistical association was found between AT and ST (-0.50) or FR (-0.40); if the type

of activity performed was considered particularly important, feelings of ST or FR were not

considered relevant, and vice versa. The next highest degree of association was found between

OP and FA (-0.46) or ST (-0.35); subjects who equated workload with success or failure on a

task did not consider their feelings of FA or ST to be relevant and vice versa. This suggests

that there may be at least two patterns of workload definition: one based on task and



Table la: POPULATION
Correlationsamongsubjectiveimportancevaluesof 9 workload-related factors

TD TP OP PE ME FR ST FA

TP .05

OP -.08 -.24

PE -.12 -.31 -.07

ME .16 -.24 -.01

FR -.37 .05 -.21

ST -.21 .07 -.24

FA -.21 -.03 -.46

AT .08 -.17 .08

-.05

-.26 -.30

-.35 -.28 .32

.03 -.36 .10 .24

.17 .30 -.40 -.50 -.34

Table lb: POPULATION

Correlations among raw bipolar ratings and OW

TD TP OP PE ME FR ST FA AT

TP .64

OP .58

PE .53

ME .76

FR .65

ST .63
FA .38

AT .28

OW .83

.5O

.57 .38

.58 .53 .47

.60 .68 .45 .61

.66 .48 .56 .60 .71

.33 .40 .40 .37 .51 .52

.29 .11 .20 .30 .21 .21 .ll

.60 .50 .52 .73 .63 .62 .40 .30

Table 2a

Beta weights for ratings regressed on OW (*=p<.01)

r_ TD TP OP PE ME FR ST FA AT

SINGLE-COGNITIVE .75 .50* .02 .13" .06 .16 -.03 .09* .07* .06

SINGLE-MANUAL .81 .47 *.13' -.14" .11" .28* -.02 .26* -.03 -.02

DUAL-TASK .85 .49* .11' -.11' .13" .34* .01 .03 .10" -.01

FITTSBERG .80 .56* .03 .05 .04 .18" .04 .10" .02 .06

POPCORN .65 .48* .23* -.12" .02 -.07* .17" .09* -.08* .07*

SIMULATIONS .77 .79* .03 .05 .04 .22* -.10" .05 -.10" .09*

POPULATION .73 .55* .09* -.02 .07* .21" .01 .10" -.01 .01

Table 2b

Variance in OW accounted for by each factor for each experimental category

TD TP OP PE ME FR ST FA AT

SINGLE-COGNITIVE .69 .26 .25 .14 .52 .41 .30 .17 .14

SINGLE-MANUAL .69 .36 .19 .26 .58 .48 .52 .20 .05

DUAL-TASK .77 .58 .34 .36 .71 .49 .50 .19 .18

FITTSBERG .74 .44 .15 .26 .58 .48 .38 .18 .16

POPCORN .59 .55 .29 .19 .40 .37 .37 .09 .09

SIMULATIONS .74 .13 .14 .18 .42 .ll .20 .04 .01

POPULATION .69 .36 .25 .27 .53 .39 .38 .16 .09



performance related factors and another based on the subjective and physiological impact of

tasks on the performer.

Ratings

The grand means of the 10 scales across all of the experiments were not equivalent (Fig-

ure 4b). This suggests either that the range of tasks was not sufficiently representative of the

possible ranges for different scales, or that the bipolar descriptions used to anchor the scales

were not subjectively equivalent. Average ratings given for the 10 scales ranged from 25 (PE)

to 42 (ME). Overall rating variability was rela.tively consistent across the ten scales (SDs

ranged from 20 to 24). As expected, the WWL scores were less variable (SD = 17).

Figure 5 depicts the frequency distributions of ratings obtained across all experiments

and subjects for each factor. The relative frequencies represent the average magnitude of rat-

ings on each factor scaled in 10 point increments. The distributions of individual scales were

quite different. TD, OP, ME, and OW ratings, and WWL scores were normally distributed

across subjects and experiments. TP, ST. FA. and PE distributions were skewed; most of the

ratings were relatively low, but there were instances in which very high values were given. AT

ratings were bimodally distributed. The peaks centered between the points designated "skill-

based" and "rule-based" and between those designated as "rule-based" and "knowledge-

based". Each distribution was compared to every other using the Komalgorov-Schmirnoff

test. Significant differences were found among all of the distributions except among OW, TD,

and TP. The greatest differences were found between WWL scores (which combines elements

from all of the other scales weighted to reflect the individual subject's biases) and the indivi-

dual scales.

The rank-order correlation between mean OW ratings and WWL scores within each

experiment and across all experiments was very high (0.99). However, the coefficients of varia-

tion were substantially less for the WWL scores (0.39) than for OW ratings (0.48). Thus, the

reduction in variability found for WWL scores was not simply due to the smaller magnitudes

of these scores (mean = 35) compared to OW ratings (mean = 39) but represented a mean-

ingful reduction of unwanted "noise". Thus, the linear combination of ratings, weighted

according to the information available about each subject's natural inference rules, discrim-

inated among experimental conditions at least as well as a single OW rating..More significant,
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however,wasthe finding that B-Svariability waslessfor WWL scoresthan for OW ratingsin
everyexperiment.The coefficientsof variationwerecomputedfor eachexperirfientalcondition
and averagedfor eachexperiment.They rangedfrom 0.19 to 0.73for OW ratingsand from
0.17to 0.60for WWL scores.Theaveragereductionin variability was20%betweenOW rat-

ings and WWL scores, although it was as great as 46c,_ for some experiments. Also, in all

cases, differentially weighting the bipolars to produce WWL reduced B-S variability and

increased sensitivity to experimental manipulations beyond that which could be obtained by

computing a simple average of indiiidual scales. The B-S variability of tile equal weighting

scheme fell between that of WWL and the OW ratings. Thus. we. were able to synthesize a

workload estimate from the elemental values given by the subjects (the bipolar ratings) by

combining them according to an approximation of their own inference rules (the weights).

This derived score appeared to reflect a common factor in each experimental condition (its

overal _ workload), but with less variability among subjects than OW ratings.

A significant, positive association was found among many of the rating scales (Table

lb). Most of the correlations were significant, because so man)' data points were included,

but not all of them accounted for a meaningful percentage of variance. The highest correla-

tions were found between ME and TD (0.76) and between ST and FR (0.71); however, only
the correlations between TD and OW and between ME and OW accounted for more than 50

percent of the variance (Table 2b).

TD, ME, and ST had the highest Ioadings in the regression equation that related rat-

ings on the nine component factors to OW (0.55, 0.21, and 0.10, respectively) (Table 2a).

Although FR was significantly correlated with OW, it contributed nothing to the OW regres-

sion equation. This could reflect the fact that it was so highly correlated with most of the

other factors (e.g.. TD, TP, OP, ME, ST, FA) that it did not contribute independently to

OW. TP, often considered to be a primary component

little to the regression equation (loading =

0.09). It is possible that this occurred

because TP was not deliberately manipu-

lated as a source of loading in many of the

experiments. AT was notably unrelated to

the other factors and did not contribute

significantly to the OW regression equa-

tion. FA, also, was relatively unrelated to

the other scales, most likely because the

effects of fatigue were counterbalanced TP

across experimental conditions (by varying TD
ME

the order of presentation for different levels) OP

in most of the studies. ST

It is interesting to compare the associ- FR
ations between the nine factors and work- FA

load as expressed in the preliminary pair- AT

wise comparisons to the empirical relation- PE

ships observed between ratings on the same

factors and OW ratings. Table 3 summar-

of workload, contributed surprisingly

Table 3

A priori rank-order of factors (weights)
compared to empirical associations with

OW ratings

Correlation with:
Weight Loading OW

4.75 .09 .60

4_0 .55 .83

4.36 .21 .73

3.95 -.02 .50

4.56 .10 .62

4.51 .01 .63

3.56 -.01 .40

3.60 .01 .30

2.21 .07 .52

izes the a priori evaluations (the weights), the loadings for each factor in the OW regression

equation, and the correlations between ratings on each scale and OW ratings across all sub-

jects and experimental conditions. As you can see, there were some discrepancies. Most not-

ably, TP was judged to be more closely related to OW (it was given the highest weight) than

was apparent from the experimental results. The same was true for OP. On the other hand,

PE was rarely selected as an important component of workload (it was given the lowest



_veight). but ranked 5th in the regression equation. These results, taken in combination With

the success of the derived workload score in reducing B-S variability without substantially

improving sensitivity to experimental manipulations, suggest that other factors influenced the

association between component factors and OW in addition t0 the differences among subjects'
workload definitions.

EXPERIMENTAL CATEGORIES

The data from similar types of tasks were grouped into six categories to determine

whether different sources of loading (e.g., mental or physical effort, time pressure, task
difficulty) did in fact contribute to the workload of different kinds of activities. Some studies
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provided data from different experimental conditions for more than one category. The

categories are

(1) Simple, discrete tasks that emphasized SINGLE COGNITIVE activities

(refs. II-2, 6, 7, 10, 11, 13, 14),

(2) Continuous SINGLE-axis MANUAL control tasks (refs. II-2, 14).

(3) DUAL-TASK experiments pairing concurrent but unrelated cognitive and

manual control activities (refs. I1-2, 15),

(4) FITTSBERG tasks where response selection and execution elements were

functionally integrated and sequentially executed (refs. II-6, 7, 11, 13, 16),

(5) POPCORN task supervisory control simulations (refs. II-1, ,1, 5),

(6) SIMULATIONS conducted in a motion-base, single-pilot, simulator (refs.

II-3, 8, 19).

The same analyses that were performed on the "population" data bases were performed

for each experimental category. In addition, each category was compared to the "population".

The presence of task-related sources of variability in workload was determined by examining

the correlation matrices of factors, the correlation tables of factors by categories, and the

regressions of the subscales on OW (Table 2a).

Our expectation was that different factors would contribute in different amounts

to the overall workload of various types of tasks. For example, ME should be more salient

for the SINGLE-COGNITIVE tasks, whereas PE should be more important for the

SINGLE-MANUAL tasks. TP should be a particularly important source of workload for the

POPCORN tasks, as this was the primary factor that was experimentally manipulated,

whereas it should play a minor role in the FITTSBERG tasks, as TP was not deliberately

manipulated there.

We assumed that the subjects included in each category represented a random sampling

from the population as a whole and that there would be no systematic differences in workload

biases of subjects who participated in one category of experimental tasks as compared to

another. Since the workload biases were obtained in advance of each experiment, they should

represent relatively stable opinions held by the subjects, rather than the effects of specific

experimental manipulations. In fact, this was what we found. However, considerable variabil-

it)' was expected within each category due to the individual differences that are the focus of

the weighting technique. Because the weights given by the subjects in each category were not

significantly different from the population, the specific values obtained for each category will

not be presented.

SINGLE-COGNITIVE Category

The SINGLE-COGNITIVE category included data from seven experiments. Each exper-

imental task generally presented one stimulus and required one response for each trial. The

primary source of loading was on cognitive processes. Five groups of experimental conditions

were the single-task baseline levels for other experiments. The tasks included (1) a spatial

transformation task presented visually or audltorily and performed vocally or manually; (2)

variants of the Sternberg memory search task presented visually or auditorily; (3) choice reac-

tion time; (4) same/different judgements; (5) mental arithmetic; (6) time estimation; (7)

greater/less than judgements_ (8) entering a number or a number plus a constant with
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different input devices; (9) memory span: (10) flight-related heading calculations; and (11)
mental rotation.

Performance was evaluated by percent correct and reaction time (RT). The typical

finding was that accuracy decreased and RT increased as the difficulty of the information pro-

cessing requirements was increased. In addition, performance differences were found between

alternative display (e.g.. audhory versus visual) and response modalitles (e.g., voice, keyboard,

microswitch, touch-screen, joystick). For every experimental task, workload ratings tended to

follow the same patterns as performance measures: higher levels of subjective workload

accompanied poorer performance. In addition, stimulus and response modalities that degraded

performance were also rated as having higher workload.

The ratings obtained for the SINGLE-COGNITIVE tasks were either equal to or lower

than the overall means (Figure 6a). PE in particular was considered to be very low, reflecting

the task characteristics. The ratings were somewhat more variable than the norm, possi-

bly reflecting the diversity of tasks with which they were obtained. Despite this, only three

of the rating distributions differed significantly from the "population" distributions: OW, TD

and PE. Relatively few scales demonstrated strong statistical relationships with each

other. However, TD was highly correlated with ME and FR, and FR was also highly corre-

lated with TP and ST (Table 4). Only TD and ME had correlations that accounted for more

than 50 percent of the variance in OW (Table 2b).

SINGLE-MANUAL Category

A variety of one and two-axis tracking tasks were included in this category. As with

SINGLE-COGNITIVE, these tasks represented the single-task baseline levels for other

categories. The primary source of loading was the physical demands imposed by different

experimental manipulations: (1) the bandwidth of the forcing function (three levels in each

experiment), (2) order of control (constant or variable), and (3) the number of axes controlled

(1 or 2). The display modalit.v was visual, the response modality, manual

Performance and workload levels covaried with the bandwidth manipulations; as

bandwidth increased, subjective workload and tracking error increased. In addition, the vari-

able order of control tasks were performed more poorly and were rated as having higher work-

load. Finally, two-axis tracking was considered to be more loading than one-axis tracking.

In general, SINGLE-MANUAL ratings were higher than the "population" ratings. (Fig-

ure 6). FR and ST ratings in particular were higher than for any other tasks, possibly

Table 4: SINGLE-COGNITIVE

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT -

TP .47

OP ,41 .40

PE .34 .29 .13

ME .74 .49 .40

FR .64 .60 .59

ST .50 .55 .37

FA .34 .43 .28

AT .34 .17 .17

OW .83 .51 .5O

.36

.29 .57

.39 .45

.35 .28

.08 .31

.37 .72

.71

.52 .54

.20 .19 .16

.64 .55 .41 .37



reflecting the subjects' perceptions that some of the conditions were relatively uncontrollable.

ME was rated relatively higher than might be expected ]_y the nature of the tasks. AT was

rated as "skill-based". The subjects thought their own performance was generally poorer

than on other tasks. Y,lost of the rating distributions were significantly different from the

"population" distributions except for WWL. Y.IE. PE, and ST. Particularly high correla-

tions among the scales were found between TD and ME. among FR. TP and PE, and among

ST, ME, FA and FR (Table 5). As might be expected from the nature of these tasks, a rela-

tively high correlation was found between OW and PE. ttowever, onh TD..'klE and ST had

correlations that accounted for more than 50 percent of the variar:ce (Table 2b).

DUAL-TASK Category

The data from two experiments were included in this category. In each one, continuous

one- and two-axis tracking tasks were combined with a discrete, cognitively loading task.

Difficulty on the tracking task was manipulated by varying the order of control and

bandwidth of the forcing function. For one experiment, the discrete task was three levels of

difficulty of an auditory Sternberg memory search task, presented as a pilot's call-sign;

responses were vocal. For the other, a spatial transformation task was presented visually or

auditorily; responses were vocal or manual. Each task was presented in its single-task form

first. The data from these baseline conditions are included in the SINGLE-COGNITIVE and

SINGLE-MANUAL categories. The DUAL-TASK conditions represented different combina-

tions of difficulty levels for the two tasks. Time-on-task was manipulated, as well, (ref. II-2)

to determine the relationships among fatigue, workload, and event-related cortical potentials

in response to the call-signs.

For one experiment, performance on both task components was degraded by time-on-

task. Tracking performance was also related to bandwidth. OW, FA, tracking error, and the

amplitude of the positive component of the event-related potential were all significantly and

positively correlated. For the second experiment (ref. II-15), the visual input modality for the

spatial transformation task imposed less workload and interfered less with tracking perfor-

mance. Speech output resulted in better performance (on both tasks) and less workload than

manual output because the latter interfered more with the manual responses required for the

tracking task. Subjective ratings were less sensitive to output modality manipulations than

to input modality manipulations and to task combinations than individual task levels.

Table 5: SINGLE-MANUAL

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT

TP .49

OP .57 .32

PE .39 .78 .20

ME .75 .39 .44

FR .72 .47 .69

ST .61 .54 .50

FA .39 .34 .35

AT .15 .25 .O2

OW .83 .60 .44

.29

.39 .69

.43 .65

.32 .42

.31 .26

.51 .76

.78

.54 .67

.15 .23 .14

.69 .72 .45 .22



DUAL-TASK ratings were higher, on the average, than the "population" means (Figure

6c). h is not surprising they were higher than the comporient single task ratings, but it is

somewhat surprising that they were higher than the ratings that were given for apparently

more complex simulated flying tasks. DUAL-TASK distributions were significantly different

from the corresponding "population" distributions for TD. PE. FR. ST, and FA. Among the

scales, a few high correlations were notable (Table 6): TD with TP and ME: TP with ME,

FR and ST: OP with FR; and FR with ST--patterns almost identical to those observed for the

"population". Again. TD. ME and ST were all highly correla:ed with OW accounting for

more than 50 percent of its variance, reflecting a pattern similar to that found for SINGLE-
XIANUAL. In addition. TP also accounted for more than 50 percent of the variance in OW.

FITTSBERG Category

The FITTSBERG paradigm provides an alternative to the traditional dual-task

paradigm in which two unrelated tasks are performed within the same interval. With the

FITTSBERG paradigm, the component tasks are functionally related and performed serially:

the output or response to one serves to initiate or provide information for the other. A

target acquisition task based on FITTS Law (ref. I-9) is combined with a SternBERG

memory search task (ref. 1-24). Two identical targets are displayed equidistant from a cen-

tered probe. Subjects acquire the target on the right, if the probe is a member of the memory

set and the target on the left, if it is not. A wide variety of response selection tasks have been
used in addition to the Sternberg memory search task: (1) choice reaction time, (2) mental

arithm'etic. (3) pattern matching, (4) rhyming, (5) time estimation, and (6) prediction.
Workload levels for one or both components of the complex task were either held constant

or systematically increased or decreased within a block of trials. In addition, the

stimulus modality of the two components was the same (visual/visual) or different

(auditory ,visual).

Response selection performance was evaluated by reaction time (RT) and percent

correct. Target acquisition performance was evaluated by movement time (_NIT). MT but not

RT increased as target acquisition difficulty was increased. RT but not MT increased as the

cognitive difficulty of response selection was increased. Information sources, processing

requirements, and workload levels of the first stage (response selection) appeared to be rela-

tively independent of those for the second stage (response execution), even though some or]
I

Table 6: DUAL-TASKS

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT

TP .72

OP .65 .57

PE .52 .66 .43

ME .83 .70 .59

FR .69 .74 .79

ST .65 .73 .54

FA .33 .42 .50

AT .39 .42 .37

OW .88 .76 .58

.46

.52 .69

.57 .69

.40 .34

.35 .48

.60 .84

.77

.59 .49

.47 .41 .36

.70 .71 .44 .43



many of the processing stages were performed in parallel, and the activities required for one
simultaneously satisfied some of the requirements of the other. Performance decrements

were not found for one task component in response to an increase in difficulty of the other.

Instead. performance and workload ratings for the combined tasks integrated the com-

ponent load levels: FITTSBERG ratings and RTs were less than the sum of those for the

component tasks performed individually. There was only a small "concurrence" cost of about

40 msec for RT and a 14_ increase in ratings for the combined task over single-task baseline
levels.

FITTSBERG ratings were generally low except for AT (Figure 6d). The component

tasks were not individually difficult and subjects integrated them behaviorally and subjec-

tivel.v, with a consequent "savings" in experienced workload. In addition, rating variability

was less than usual. Consequently. all of the rating distributions were significantly different

from the "population" distributions.

The following ratings were highly correlai_ed with each other: TD, TP, ME, ST and FR

(Table 7). The association between TP and TD is somewhat surprising, as TP is not deli-

beratel.v manipulated in the FITTSBERG paradigm. The fact that RT was the primary per-

formance metric may have influenced subjects to respond as quickly as possible--a self-

imposed time pressure. However, the design of the experimental task did not itself impose

time constraints or limits. The low association between OP and OW is also surprising

because performance feedback was given frequently. Although TD, TP. ME, and FR were

highly correlated with OW, only the correlations between TD and OW, and ME and OW

accounted for more than 50 percent of the variance.

POPCORN Category

The POPCORN task is a dynamic, multi-task, supervisory control simulation. It

represents operational environments in which decision-makers are responsible for semi-

automatic systems. Its name. "POPCORN," reflects the appearance of groups of task ele-

ments waiting to be performed (they move around in a confined area and "pop" out when

selected for performance). Operators decide which tasks to do and which procedures to fol-

low based on their assessment of the current and projected situation, the urgency of

specific tasks, and the reward or penalty for performing or failing to perform them.

Simulated control functions provide alternative solutions to different circumstances. They are

selected with a magnetic pen and graphics pad and executed by automatic subsystems.

Table 7: FITTSBERG

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT

TP .68

OP .38 .39

PE .50 .56 .16

ME .76 .54 .34 .47

FR .69 .67 .45 .44 .63

ST .60 .75 .19 .51 .52

FR .41 .39 .20 .25 .38

AT .36 .17 .05 .23 .42

OW .86 .66 .39 .51 .76

.70

,46 .52

.20 .15 .13

.69 .62 ,42 .4O



Thus. control activities are intermittent and discrete. Task difficulty can be varied by

changing the nufnber of tasks, elements/task, scheduled arrival times for successive

groups of task elements, speed with which elements move. and penalties imposed for pro-

crastination. The penalties include imposing additional operations or accelerated rates for

delayed tasks, deducting points from the score, and losing control over when deferred tasks
could be performed.

Experiments conducted with this simulation determined the contributions of

different task variables to workload and their behavioral and ph.vsiological consequences.

Performance was evaluated by examining the score, number of unperformed elements, and

completion time. Strategies were evaluated b.v analyzing the functions selected. Schedule

complexity, number of different tasks (rather than the number of elements in each one),

and time-pressure-related penalties for procrastination were significantly reflected in the

subjective, behavioral, and physiological responses of subjects.

Average rating magnitudes were higher for this group of experiments than for any

other (Figure 6e). and their variability was greater. FA was the only factor rated as lower,

even though experimental sessions often lasted as long as 5 hours. Distributions of ratings

were significantly different from the "population" distributions for every factor except OP.

Because TP was the primary way in which workload levels were manipulated, TP ratings

were highly correlated with TD. ME. FR, ST, and OW ratings (Table 8) and were consider-

ably higher than the grand mean (46 vs 32).

This task was considered to be the most unpredictable and knowledge-based of the exper-

imental categories (AT = 43 vs 34). PE ratings were higher as well. Even though the com-

puter actually performed the requested functions, virtually continuous selections were

required to activate the appropriate functions. This was reflected in a significant correlation

between OW and TP. However, PE ratings were not highly correlated with OW across

different manipulations. FA and AT were not highly correlated with OW, either, because FA

levels were counterbalanced across conditions and AT was relatively constant across all

conditions. In this category, only TD and TP accounted for more than 50 percent of the vari-
ance in OW.

SIMULATION Category

Three aircraft simulations were combined for this category. Each was conducted in a

motion-base general aviation trainer. They were designed to determine the contributions of

Table 8: POPCORN

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT

TP .87

OP .68 .69

PE .51 .57 .55

ME .77 .82 .65 .53

FR .65 .66 .74 .51

ST .69 .71 .65 .59

FA .39 .41 .43 .55

AT .27 .25 .16 .22

OW .77 .74 .54 .44

.58

.71 .68

.37 .42 .53

.30 .26 .24 .14

.63 .61 .61 .30 .3O



individual flight-taskcomponentsto overall workload and to compare the obtained levels of

workload to those predicted by a model. Workload was evaluated by performance on con-

current secondary tasks and ratings. The first experiment (ref. II-8) required control over

one (e.g, heading), two (e.g.. heading, speed), or three (e.g. heading, altitude, speed) com-

ponents, with irrelevant dimensions "frozen." As expected, workload increased as the

difficulty and complexity of each maneuver increased. The second experiment (ref. II-9) cou-

pled more complex flight-task maneuvers, building up to simulated instrument

approaches. Again. workload levels increased as the complexity of flight-task components

increased. In the final experinaent (ref. II-3). two scenarios, one "easy" and one "hard,"

were flown. Ratings were obtained during and immediately after each flight. For all three

experiments, the various workload measures that were obtained reflected the same underlying

phenomena, although the subjective ratings were consistently tile most sensitive.

With two exceptions (TP and AT ratings were considerably lower). SIMULATION

ratings were similar to the "population" means (Figure 6f). This is surprising, considering

the apparently greater magnitude and complexity of task demands imposed on the pilots. In

addition, the variability among ratings was the lowest of an'," category. This might reflect

the fact that all of the experimental subjects were instrument-rated pilots familiar with

the types of tasks performed. AT was considered to be the most "skill-based" of all of the

tasks included in the 16 experiments. Statistical associations among individual scales were

lower for this category of experiments than for the rest (Table 9). The highest correla-

tions were found among ME, TD and OP, and among PE, TD, TP. and ST. TD was the only

factor that had a strong correlation with OW (accounting for more than 50 percent of its vari-
ance).

CONSTRUCTING A WORKLOAD RATING SCALE

Several key points emerged about the subjective experience and evaluation of workload:

(1) A phenomenon exists that can be generally termed workload, but its specific causes may

differ from one task to the next. (2) Ratings of component factors are more diagnostic than

global workload ratings. (3) Subjects" workload definitions differ (thereby contributing to B-S

variability); however, the specific sources of loading imposed by a task are more potent deter-

minants of workload experiences than such a priori biases. (4) A weighted combination of the

magnitudes of factors that contribute to subjects' workload experiences during different tasks

provides an integrated measure of overall workload that is relatively stable between raters.

Table 9: SIMULATION

Correlations among bipolar ratings

TD TP OP PE ME FR ST FA AT

TP .42
OP .41 .25

PE .46 .61 .25

ME .64 .20 .42

FR .43 .35 .63

ST .53 .64 .38

FA .32 .24 .43

AT .19 .33 -.13

OW .86 .36 .38

.31

.29 .38

.60 .36

.26 .28

.24 .02

.42 .65

.58

.5O .39

-.01 .20 -.04

.33 .45 .21 .O8



One of our goals in gathering workload and workload-related ratings, in addition to the

information they provided about experimental manipulations, was to amass a data b_.se v_hich

would allow us to examine the relationships among different task. behavior, and psychological

factors in order to create a valid and sensitive rating technique for subjective workload assess-

ment. Our assumption was that the scale would b_. multl-dlmensional, but that the

number of subscales should be less than the number used f,r research purposes. Thus,

the first step was to select the most appropriate set of subsca',es. The second step was to

determine how to combine these subscales to derive a workl¢,ad score sensitive to different

sources and definitions of workload between tasks and ra_ers. "Fh_' final step was to determine

the best procedure for obtaining numeric values for these subscales.

Subscale Selection

We reviewed the information provided by each scale used in the 16 experiments to select

the subscales. They should represent the types of phenomena that influence subjective work-

load experiences in a broad range of tasks (e.g., task-related, subject-related, and

performance-related factors), although the importance of individual factors might vary from

one type of task to the next. Our goal was to select no more than six factors, so ratings could

be obtained during, as well as following, activities performed in operational environments. The

following information was considered: (1) sensitivity to differences between tasks (Figure 7),

(2) sensitivity to experimental manipulations within tasks(Table 2a). (3) association with sub-

jective ratings of OW (Tables lb, 3, 4-9), (4) independence from other factors (Tables lb, 3,

4-9), and (5) subjective importance to raters (Tables la, 3; Figure 4a). The following state-

ments about the factors include information drawn from individual experiments, categories of

experiments, and the entire data base.

Task-Related Scales

Three of the original scales focused on the objective demands imposed by the

experimental tasks. The)" were TD, TP, and AT.

Task Difficulty. A rating of TD provides the most direct information about subjects'

perceptions of the demands imposed on them by a task. TD was considered to be

moderately relevant to individual subjects' definitions of workload in the preliminary pairwise

comparisons. However, the empirical relationship found between TD and OW ratings was

substantially greater than its a priori association. In all but one of the 16 experiments, this

scale reflected the same experimental manipulations as OW; TD contributed significantly to

the OW regression equations in all six categories of experiments. TD was not statistically

independent of the other factors that were also found to be important, however. This reduced

the information it provided about the workload of different tasks. Although the TD scale was

quite sensitive to differences between categories of experiments, its diagnostic value might

have been improved if different sources of TD had been distinguished (e.g., mental versus phy-

sical).

Time Pressure. TP has been included as a primary factor in most operational

definitions and models of workload, where it is quantified by comparing the time required for a

series of subtasks to the time available, and it was selected as the factor most closely related

to workload in advance of the experiments. However, TP ratings proved to be generally insen-

sitive to manipulations within these experiments. TP ratings were only moderately correlated

with OW ratings for individual experiments and categories of experiments. It did discriminate

among different types of tasks, however. These findings are due, in part, to the fact that TP

was not explicitly manipulated as an experimental variable in many of the experimental tasks.

Nevertheless, TP was highly related to more than half of the other variables (the correlation

coefficients were greater than 0.70) in 60_ of the experiments. It was most closely associated
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with PE..ME. FR. and ST--subject-related variables--rather than to the other task-related

variables, however. This suggests that perceptions of high or low TP occur because of (and

may. in turn. affect) subject-dependent rather than other task-related variables.

Activity Type. Subjects selected AT as a more important contributor to workload

than it appeared to be from the empirical results. Furthermore. although AT did discriminate

well among categories of tasks, these differences had little or no relationship with their work-

load levels; the predicted association between skill-based activities and low workload or

knowledge-based activities and high x_orkload was nt_t found. AT ratings never correlated

significantly with OW and the3 contributcd little to the ()_,V regression equations. Although

the type of task performed should have some association with the workload it imposes, this

scale did not succeed in identifying such a relationship.

Summary of Task-Related Scales. We found that only two task-related scales, TD

and TP. provided significant information about workload. Furthermore.we propose dividing

the TD scale into two subscales (mental and physical) to identify the specific sources of

imposed workload within and between tasks. Thus. three task-related factors were selected:

Physical Demands (PD), Mental Demands (MD), and Temporal Demands (TD). These three

factors represent the most common ways that workload differences are manipulated across a

broad range of activities. They do not represent the cost of achieving task requirements for the

operators, however, nor how successful operators were in doing so.

Behavior-Related Scales

The three scales in this category (PE, ME, and OP) provided subjective evaluations of

the effort that subjects exerted to satisfy task requirements and opinions about how successful

they were in doing so.

Physical Effort. Although PE is a component of most traditional definitions of work-

load. most of the subjects considered it a priori to be essentially unrelated to workload.

Empirically, however, this factor discriminated among the different types of experiments and

reflected experimental manipulations for tasks with physical demands as a primary work-

load component. PE ratings were generally low, reflecting the typical nature of laboratory

and simulation tasks. Heavy, physical exertion was never required in any of these experi-

ments. PE was not highly correlated with OW within most experiments, however, and did

not contribute significantly to the OW regression equation in half of them. It did pro-

vide an independent source of information about the subject's experiences, as PE ratings

were not highly correlated with ratings of other factors. Its strongest association was with

TP (for tasks in which higher levels of imposed TP required higher response rates) and ST

(for more complex tasks).

Mental Effort. ME has become an important contributor to the workload of an

increasing number of operational tasks because operators' responsibilities are moving

away from direct physical control to supervision. A priori, ME was considered

moderately important to our subjects. Empirically, however, ME. ratings were highly corre-

lated with OW ratings in every experimental category and were significantly related to

the independent variables in most experiments. ME ratings discriminated among different

types of experimental tasks, as well, and it was the second most highly correlated factor with

OW. ME ratings were highly correlated with many other task and subject-related variables

(e.g., TD, FR, and ST). Thus, the information it provided was somewhat reduced by its

lack of independence.

Own Performance. Success or failure in meeting task requirements was considered a

priori as moderately related to workload. Although OP ratings did not discriminate

between types of experimental tasks, it did provide useful and significant information



about how the subjects perceived the quality of their performance. OP ratings were

significantly correlated with OW ratings in half of the experiments and categories of

experiments, and they were relatively independent of other ratings, in comparison to the
general finding of high statistical associations.

Sunanaary of Behavior-Related Scales. Although PE and :XIE each provided

significant and relatively independent information about the workload of many experimen-

tal tasks, we feel that a single Effort (EF) scale might be sufficient to represent this aspect
of workload. This was an arbitrary decision, considering the. useful information PE and .ME

contributed to workload ratings, tlowever, since one of our goals was to reduce the number of

bipolar scales, we felt that a combined EF scale could capture the information provided by PE

and -ME. The additional information in the original PE and .klE scales not captured by EF
(e.g., the specific source of the load) would be provided by the new MD and PD scales.

Information about the specific source of demands (e.g., physical or mental) can be

obtained more directly by asking subjects to evaluate the objective demands that are placed

on them than by asking them to introspect about the amount of mental or physical effort

exerted. Furthermore, subjective evaluations of task demands can be compared with objective
task manipulations for the purpose of validation and prediction. In addition, the B-S varia-

bility of ratings for task-related factors should be lower (because the only source of variabil-

ity would be differences in individuals' sensitivity and understanding), whereas there are at

least two interactive sources of variability for behavior-related ratings (the actual levels of

effort exerted by each subject, as well as their ability to evaluate these levels introspectively).

The subjects" evaluations of the success or failure of their efforts to accomplish task

requirements provided a valuable source of information about workload, because subject's
appraisal of performance during a task affects subsequent levels and types of effort exerted.

Furthermore, performance decrements observed in operational environments often prompt

workload analyses. Thus, some information about performance should be included in any
workload assessment technique, even if it is only in the form of a subjective evaluation.

Subject-Related Scales

These scales focused on the psychological impact on the subjects of task demands,
behavior, and performance on the subjects. They included FR, ST, and FA.

Frustration. Subjects reported, a priori, that FR was the third most relevant factor

to workload. Empirically, FR ratings were significantly correlated with OW ratings in most

individual experiments and all categories of experiments. FR did not contribute significantly
to the OW regression equations, however. This could reflect the fact that FR was not an

independent factor: it was strongly correlated with every other factor except AT and PE. FR

was only moderately sensitive to experimental manipulations, yet it discriminated among five
out of the six categories of experiments. The range of FR ratings across categories was sub-

stantial, further suggesting that they provide useful information in distinguishing among types
of activities.

Stress. ST has been included in many other subjective rating techniques and is often

equated with elevated levels of workload in operational environments. Subjects in these exper-

iments rated ST as the second most important factor in the pretest. Within experiments, ST

ratings reflected the same manipulations that influenced OW ratings. However, ST ratings did

not discriminate among different types of tasks, it was rarely associated with objective meas-

ures of performance and it was the least independent scale (it was highly correlated with every

other scale except AT). For this reason, it contributed relatively less to the OW regression
equation than its high degree of correlation with OW would suggest.



Fatigue. FA was relatively unrelated to workload in both a priori opinions and

empirical ratings. Even though the range of FA ratings was the greatest for any scale across

categories of experiments (it ranged from 24 to 42). F.-k ratings rarely eovaried with objective

performance measures, OW ratings or other factors. One explanation for this lack of rela-

tionship could be that fatigue was not manipulated as an experimental variable in most of

the studies. In general, it appeared that subjects regarded fatigue as a separate phenomenon
from workload.

Summary of Subject-Related Scales. In a multi-dim(.nsio_al rating technique, it is

important to retain some blformation about tile psychological impact on subjects of perform-

ing the tasks. Workload. especially lhesubjective experience of _orkh)ad. reflects more than

the objective demands imposed on an operator. It is apparent from their high intercorre-

lation, however, that both FR and ST scales are not necessary. ST might be too global a

dimension. This term, like workload itself, can mean man) different things. The term

has been applied to task, environmental, and human phenomena (e.g., heatstress,

time stress, emotional stress, physical stress, physiological stress). In fact, an excess of

almost any dimension ca;n be termed "stress". FR, in a relatively less ambiguous way, relates

task requirements, exerted effort, and success or failure. It provides" information about how

comfortable operators felt about the effectiveness of their efforts relative to the magnitude of

the task demands imposed on them. Although FA can be an experimentally and operationally

relevant variable, it was not found to be related to the experience of workload; thus, it was

not included as a component of the multl-dlmenslonal rating scale.

Overall Vqorkload Ratings

Although OW ratings were significantly associated with experimental manipulations

in most experiments, and distributions of OW ratings were significantly different from one

experimental category to the next, the B-S variability within experimental conditions was

high; coefficients of variation were often as great as 0.50. In addition. OW ratings appear to

reflect different variables in different tasks. Although it is not likely that this contributed to

B-S variability within experimental conditions (all subjects experienced the same experimen-

tal difficulty manipulations), it does suggest that global workload ratings cannot be compared

between tasks. Even though OW ratings provide the most direct and integrated information

about the issue in question -- workload -- the)" may reflect time pressure for one task, varia-

tions in effort in another, and different levels of decision making complexity in yet another.

Each level of integration has a simplifying effect, reducing complex attributes to progressively

more global summaries. There is a point where higher levels of integration cease to provide

useful summarization and begin to mask important underlying phenomena. A global workload

rating may represent such a point. The component scales can identify variations in sources of

loading, as well as their magnitudes, and a weighted combination of them was shown to pro-

vide a more stable measure of OW than the global scale itself. This suggests that it is not

necessary to obtain a specific OW rating as long as the appropriate components are rated and
can be combined.

Weighted Workload Score

The weighted averaging procedure succeeded in reducing B-S variability for all experi-

mental conditions. However, the general information that was obtained in the pretest

about differences in workload definition were not sufficient to characterize the specific

experiences of subjects that were unique to individual experimental situations. Thus, the

WWL score did not achieve the desired level of improvement in statistical sensitivity to

experimental variables. Subjective estimates of weighting parameters would have been more

useful had they been obtained with reference to a specific experience (e.g., the experimental



task) than in the abstract. Self-evaluationsobtained in a context are preferable because

they provide direct information about the interaction of factors Within that context (ref.
I-l). and it is this that determines the level of workload.

Verification of Selected Subscales

The high correlations between many of the factors and OW within different categories

indicate that multiple dimensions are required to represent the workload of different types of

tasks. There is a generic component of workload acros_ tasks as reflected in the correlations of

TD. FR. ST. and ME _ith each experimental cate_-or). The task-specific component of work-

load that is present in some tasks and not in others is reflected in TP and PE. One factor

(OP) is moderately related throughout the differenl types of tasks but is never a primary con-

tributor to workload. The other two factors (FA and AT) are generally unrelated within and

between tasks, and consequently were excluded from the new set of subs'cales.

Before selecting the final set of subscales, several additional analyses Cere per-

formed. The scales were rank-ordered from most to least relevant: TD, FR, "TP, ME, PE,

OP, ST. FA, AT. Three scales were eliminated (ST, FA, and AT), and two were combined

(EF = ME and PE). The five remaining scales were regressed on OW (Table I0). The percent

of variance accounted for by these six scales did not decrease by more than .02 from the vari-

ance accounted for by the original nine scales for any of the six categories. The proposed divi-

sion of TD into ,N1ental (MD) and Physical Demands (PD) could not be simulated with the
existing data base.

We examined the three subscales in our data base that are similar to those used in

another popular multi-dimensional rating scale, the Subject]re Workload Assessment Tech-

nique (SWAT) to determine whether these factors alone might provide sufficient information.

With the SWAT technique, a preliminary card-sort is performed by each subject to rank-order

27 combinations of three levels (low, medium, high) of the three factors (time load, psycholog-

ical stress, and mental effort) with respect to the importance the)" place on them in their per-

sona] definition of workload (refs. ]-6, l-7, ]-21). Conjoint analysis techniques are applied to

provide an interval scale of overall workload tailored for ]ndividua] differences in definition.

Subjects provide ratings of low, medium, or high for the three factors following the perfor-

mance of each experimental task. A single rating of overall workload is obtained by referring
to the position on the interval scale identified by that combination of values.

It appears that one of the key assumptions of conjoint analysis (i.e., statistical indepen-

dence among the components) was not supported by the data from these experiments; ratings

of TP, ME, and ST were highly interrelated. Correlations between TP ratings and ST ratings

Table 10

Beta weights for a subset of rating scales regressed on OW (*=p<.01)

r 2 TD TP OP EF FR

SINGLE-COGNITIVE .74 .59* .06* .14" .18" .04

SING L E-MANUA L .79 .54 * .10* -. 12* .28* .15*

DUAL-TASKS .84 .54" .10* -. 10" .32* .11 *

FITTSBERG .78 .60* .04 .04 .22* .10*

POPCORN .64 .52* .25* -. 15* .00 .22*

SIMULATION .75 .77* .04 .06 .18" -.10*



were0.50or greater,betweenTP and ME were0.65or greater, and betweenME and ST
were 0.45 or greater in all experiments.For many experiments,correlationswere 0.70or
higher.Furthermore,it appearsthat thesethree factorsaloneare not sufficientto represent
the rangeof factorsthat contributeto workloadfor a broadrangeof experimentalandopera-
tional tasks,asmentionedabove.

From a practical, rather than a psychometric,point of view, the independenceof
workload-relatedfactors presentslessof a problem. First. for factors that are both highly
relatedto eachother and reflectexperimentalmanipulations,their sharedcontribution to a
weightedestimateof overall workload is simply enhanced,reft_.ct]ngthe actual situation.
Second,behavior-relatedandsubject-relatedfactorsnecessarilyreflecttask-relatedfactors.Yet
task-relatedfactorsalonedo not provideinformation about the behavioraland psychological
responsesof individualsto imposeddemands,eachimportant contributorsto overallworkload.
For example,the demandimposedonsubjectsmay beextremelyhigh, yet they maymitigate
the levelsof workload actually experiencedby sheddingtasks, lowering their performance
standards,or refusingto exert grc+aterand greater levelsof effort astask demandsincrease
beyonda certainlevel.Thus.evaluationof subjects'responsesto a taskcanprovideadditional
information (eventhough the behavioroccurredin responseto thesedemands)as well as
highlycorrelatedinformation.Finally, thesescalescan be driven independently, even though

there is often no experimental reason to do so.

Combination of Subscales

Each of the selected subscales provides useful and relevant information about different

aspects of subjects' experiences. However. a summary estimate of the overall workload of

a task is often needed. Since single OW ratings have been found to be quite variable among

subjects and may reflect different factors across tasks, the idea of combining weighted rat-

ings on subscales was suggested as an alternative. However, the weighting procedure adopted

for this set of experiments succeeded only in reducing B-S variability. It did not provide esti-

mates of workload that were substantially more sensitive to experimental manipulations than

the global OW ratings. Similar sensitivity problems have been found with the SWAT tech-

nique. It, too, relies on a priori, global judgements about the importance of different factors

rather than on the subjective importance of specific variables within the target activity to

reduce B-S variability. However+ B-S variability is often very high for SWAT ratings. Stan-

dard deviations that are greater than 50% of the average magnitudes of ratings have been

reported in a number of experiments (ref. ]-4, II-14, II-15). Despite the relative success of

both techniques in identifying variations in workload associated with most experimental

manipulations and obtained performance, neither scale has been able to account for a sub-

stantial percentage of the variance. For example, a tracking task bandwidth manipulation

resulted in highly significant differences in performance, yet accounted for only 8.96% of _

the WWL score variance and 6.16% of the SWAT ratings (refs. II-14). Even though the

former was statistically significant and the latter was not, neither represents the level of

sensitivity required for a valid workload assessment technique.

Quantification

Taking into account the results of these and other experiments, it is clear that using the

a priori biases of subjects about workload to weight or organize subscale ratings into a single

workload value may not provide a sufficiently sensitive subjective rating technique. The ele-

ment missing from both SWAT and the WWL score is information about the sources of work-

load for the specific task to be evaluated. Regardless of how individuals might personally

define workload, workload is caused by different factors from one task to the next and subjects

are sensitive to factors that are included in, as well as excluded from, their workload



definition. These may take precedence over their natural inclinations to weigh one factor

more heavily than another. Since the workload of a task represents the weighted combination

of factors that are subjectively relevant during the performance of that task, the weighting

function must include information about the sources of loading specific to that task, as well as

a priori subjective biases. The task-related drivers of subjective experiences should be con-
sistent across individuals who perform the same task. Thus, they should not increase B-S

variability within experimental conditions. They do. however, affect the meaning of workload
ratings from one task to the next. By enhancing the contribution of factors that are most

salient in a particular task to the summary score, its sensitivity should be enhanced.

Figure 8: NASA-TLX RATING SCALE DEFINITIONS

Title Endpoints Descriptions

MENTAL DEMAND Low/High How much mental and perceptual activity

was required (e.g., thinking, deciding, calcu-

lating, remembering, looking, searching,

etc.)? Was the task easy or demanding, sim-

ple or complex, exacting or forgiving?

PHYSICAL DEMAND

TEMPORAL DEMAND

PERFORMANCE

L o w/IIig h

L o w/'Hig h

good/poor

EFFORT Low�High

FRUSTRATION LEVEL Louv'High

Ilow much physical activity was required

(e.g.. pushing, pulling, turning, controlling,

activating,, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous
restful or laborious?

How much time pressure did you feel due to
the rate or pace at which the tasks or task

elements occurred? Was the pace slow and
leisurely or rapid and frantic?

How successful do you think you were in

accomplishing the goals of the task set by

the experimenter (or yourself)? How
satisfied were you with your performance in

accomplishing these goals?

How hard did you have to work (mentally

and physically) to accomplish )'our level of
performance?

How insecure, discouraged, irritated, stressed

and annoyed versus secure, gratified, con-

tent, relaxed and complacent did you feel
during the task? .



When people evaluate the workload of a task there is no objective standard (e.g., its i

"actual" workload) against which their evaluations can be compared. In addition there ai'e no

physlca] units of measurement that are appropriate for quantifying workload or many of its

component attributes. This absence of external validation represents one of the most difficult

problems encountered in evaluating a candidate workload assessment technique or the accu-

racy of a particular rating. There is no objective workload continuum, the "zero" point and

upper limits are unclear, and intervals are often arbitrarily assigned. The problem of a "just

noticeable difference" is particularly acute in workload assessment, since rating dimensions are

often indirectly related to objective, quantifiable, physical dimensions.

The attributes that contribute to workload experiences vary between tasks and between

raters because workload is not uniquely defined b.v the objective qualities of the task demands;

workload ratings also reflect an operator's response to the task. Thus, the workload experi-

ences of different individual_ faced _ith identical task requirements may be quite different

because the relationship between objective changes in a task and the magnitudes of workload

ratings is indirect rather than direct. This factor distinguishes workload ratings from many

other types of judgements. Furthermore. if workload is caused by one particularly salient

source or by very high levels of one or more factors, then it is likely that other factors will not

be considered in formulating a workload judgement. Specific workload-related dimensions

might be so imperative, or so imbedded in a particular context, that they contaminate other,

less subjectively salient factors. Conversely, less salient factors cannot be evaluated without

also considering those that are more salient.

Individuals _ Workload Definitions

Two facets of subjective workload experiences are of interest: the immediate, often unver-

balized impressions that occur spontaneously, and a rating produced in response to an experi-

mental requirement. It is unlikely that the range of ratings that subjects typically give for the

same task reflects misinterpretation of the question--most people have some concept of what

the term workload means. However, they use the most natural way to think about it for them-

selves. Individuals may consider different sets of variables, (which may be identical to those

experimenter intended) because they define (and thus experience) workload in different ways.

The amount of "work" that is 't]oadedW on them, the time pressure under which a task is

performed, the level of efforx exerted, success in meeting task requirements, or the psychologi-

cal and physiological consequences of the task represent the most typical definitions. Thus, one

individual's "workload" rating may reflect her assessment of task difficulty while another's

might reflect the level of effort he exerted. It is impossible to identify the source or sources

of a workload rating from the magnitude of the numeric value.

In general, people are unaware of the fuzziness of their own definitions or the possibility

that theirs might be different than someone else's. Given more information about what factors

they should consider, they can evaluate these factors (e.g., they can rate stress, fatigue, frus-

tration, task demands, or effort) even though they might not naturally include them in a sub-

jective experience of workload. However, it seems to be intuitively unlikely that their global,

personal experiences of workload would be affected by instruction to consider only one or two

aspects of a situation.

Thus, we assume that workload represents a collection of attributes that may or may not

be relevant in controlling assessments and behavior. They depend on the circumstances and

design of a given task and the a priori bias of the operator. The natural inclinations of

different individuals to focus on one task feature or another may be overwhelmed by the types

and magnitudes of factors that contribute to the workload of a specific task. For example, the

workload of one task might be created by time pressure, while that of another might be

created by the stressful conditions under which it was performed. The workload of each task



Usingthe setof sixsubscalesproposedearlier(Figure8) to representthepossiblesources
of workload,the followingapproachmight be takenbasedon the modelof the psychological
structure of subjectiveworkloadestimationpresentedin Figure 2. For eachtask (or set of
similar tasks), the contribution of eachfactor to its overallworkload could bedetermined.
Although thesevaluescouldbeassignedby an experimenter,the information that is needed
relatesto the subjectiveimportanceof the factors(w). rather than simply their objectivecon-
tribution (I). as it is the former that influencesworkloadexperiencesmostdirectly.The sim-
plest way to obtain information about subjectiveimportancewould be to ask subjectsto
assignvaluesto eachof lhe six scales(.kiD.PD. TP. FIR.OP. EF) after a taskor setof similar
tasksis performed.Thesamepair-wisecomparisontechniqueusedin computingthe weights
for the WWL scorecouldbeadopted.Fifteencomparisonswould be requiredto decidewhich
memberof eachpair of the six factorswasmostsignificantin creatingthe levelof workload
experiencedin performinga particular task.The decision-makingprocessis relativelysimple
from the subject'sperspectiveand is lesstediousthan the 36comparisonsusedfor the 9-factor
scaleor the 27-factorrank-orderusedwith SWAT. Thesevalueswouldbeusedto weight the
magnituderatingsobtainedfor the six scalesafter each experimentalcondition.The advan-
tageof task-specificweightsis that the two sourcesof variability in ratings that have been
identified within tasks (subject's workload definitions) and betweentasks (task-rela_ed
differencesin workloaddrivers)wouldbe representedfrom the perspectiveof the raters.The
alternativesof usingweightsprovidedby the creatorof the task to representthe intended
sourcesof loading,or weightsthat representnonspecificsubjectbiases,eachignoreonepoten-
tial sourceof rating variability. A specificexampleof the proposedrating scalemaybe found
in AppendixB. It summarizestherating scaledescriptionsandformat, thepairwisetechnique
for determiningthe subjectiveimportanceof eachfactor in a specifictask, and a numerical
exampleof the weighting procedureappliedto ratingsfor two difficulty levelsof onetask.

Rating scalestypically consist of an orderedsequenceof responsecategoriesthat are
closedat both ends. End anchorsare usuallygivento providea frameof referenceand to
definethe correspondencebetweenstimuli (workloadexperiences)and responses(rated lev-
els). Thus. ratings representcomparativejudgementsagainst these extremevalues.Our
approachhas beento asksubjectsto provideratingsalonga 12-cmline boundedby bipolar
adjectives.The anchors are designed to have natural psychological meaning rather than arbi-

trary values, and to exceed the likely range of rated experiences to avoid the nonlinearities

observed for extreme values. Anderson (ref. I-l) and others have suggested that this type of

"graphical" format is preferable to discrete categories. The responses were quantified during

data analysis by assigning values that ranged from 1 to 100. The resulting values did not

represent a ratio scale, and may not have provided even interval data. However, rating varia-

billty was acceptably small, most. of the scale range was used across tasks, and the numeri-

cal values were reliably correlated with experimental manipulations.

The SWAT technique allows only three discrete values to be assigned to each factor--

low, medium or high--although reference to:a scale provided by the conjoint analysis procedure

gives interval workload ratings that range from 1-100. The use of only three scale values is

understandable from a practical point of view (a greater number would make the initial sort-

ing procedure nearly impossible), however, it significantly reduces the sensitivity of this tech-

nique. The workload of most tasks lies somewhere in the mid-range, and subjects often avoid

giving extreme values. Furthermore, scales with fewer than six or seven increments are par-

ticularly susceptible to response nonlinearities near the endpoints and, in addition, there are

distribution effects (ref. I-l). Furthermore, SWAT uses word labels for each interval, which

may be risky because each may connote unequal subjective category widths (ref. l-l). The

strength of the SWAT technique lies in the fact that it provides an interval scale of workload

by virtue of the conjoint analysis technique employed. Although the benefits of this are clear



from a psychometricpoint of view, the practicalcostof the procedureandthe limitations it
imposeson therangeof rating valueslimits its ut]lhy. This is particularly true given the high

B-S variability observed in the ratings.

Thus, our recommendation is that a fairly wide range of increments is desirable. Ander-

son (ref. I-l) suggested than the optimal range of rating steps is from 10 to 20. With more

steps, ratings tend to cluster because subjects provide ratings in round numbers and are not

sensitive to very fine distinctions. Furthermore. graphic ratings that are quantified on a scale

from 1-100 with 1-point increments suggest greater sensitivity To experimental manipulations

than subjects are like].,," to be capable of producing. Discrete numeric ratings could be

obtained verbally (e.g.. 0-20) during an operational task where it is not practically possible to

present an analog scale for rating each factor on a computer display or paper-and-pencil form.

However. graphic scales, represented by an unmarked continuum bounded by extreme anchor

values, are preferable. This continuum can be divided into equal intervals during data
analysis for scoring.

J

Reference Tasks

A final point will be considered briefly: the additional reduction in B-S variability that

can be obtained with the introduction of a reference task. It is unlikely that workload ratings

are given absolutely or in reference to a global internal scale of workload that can be applied

equally to all tasks. Rather, subjects compare the current situation with similar experiences

and evaluate its workload with reference to the ranges and magnitudes of common features;

each subject may select different reference activities unless one is explicitly provided. Further-

more, experimental conditions are often presented in a counter-balanced order, and the pro-

gression of task difficulties from easy to hard or vice versa may influence the subjective anchor

points used in providing ratings differently. This source of rating variability is not obvious

from the ratings that are provided. Thus, even without an explicit reference task, presenting

experimental subjects with illustrative examples of the range and average difficulties of the

tasks to be evaluated helps provide a stable judgementa] set and orients the subject to the

types of tasks to be performed (ref. I-l).

The use of reference tasks for workload ratings was suggested by Gopher (refs. 1-10, I-

ll). His initial suggestion was that a single task could be presented as a common reference

within and between experiments. It could be assigned an arbitrary value and the workload lev-

els of the remaining tasks rated with respect to this task. The initial hope was that one task

could be used as a reference for a wide range of different tasks. The goal was to discover an

underlying psychophysieal function analogous to that existing for many perceptual processes

involving objective, physical stimuli. He found, as we did, that the workload of different tasks

may be caused by different factors. Thus, reference tasks must be selected that share elements

in common with the experimental tasks. When this is done, ratings can be assigned to simi-

lar tasks in comparison with a common activity. This approach could be coupled with the

rating technique suggested above. The reference task could be used to obtain subjective esti-

mates of the importance of the six workload-related factors for that type of activity. These

weights could be applied to each member of a set of experimental tasks in which the magni-

tudes of different factors were experimentally varied. This would have the practical advantage

of reducing the number of times importance weights would have to be obtained, and it would

emphasize the salient characteristics of the reference task. The disadvantage of obtaining fac-

tor weights for groups of tasks is the possibility that the subjective importance of the factors

might interact with variations in their magnitudes from one task to the next. This procedure

would still be preferable to unweighted ratings or a priori weights based on abstract features
or levels.



The great successof the Cooper-Harper Rating Scale for Aircraft Handling Qualities

(refs. I-3, 1-29) suggests the additional value of providing concrete examples of scale values.

Test pilots use this rating procedure to provide subjective evaluations of the handling qualities

of aircraft and aircraft simulations. They are "calibrated" by experiencing different levels of

aircraft handling qualities in variable stability aircraft. This provides concrete experiences as

references for each of tile 10 scale values. By providing examples of tasks designated as low or

high workload, B-S rating variability could be reduced.

Validation

An extensive validation study was completed recently to determine (1) whether the six

NASA-TLX subscales are adequate to characterize variations in the sources of workload

among different tasks, (2) whether tile weights obtained from subj(.cts are diagnostic with

respect to the source of workload unique to each task. and (3) whether the task-relaLed weight-

ing procedure provides a global workload score that is sensitive to workload variations within

and between tasks. Thirteen different experimental tasks were presented to a group of six

male subjects. Blocks of experimental trials were repeated at least eight times per task,

ahhough many were repeated more often to present different experimental manipulations
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within a task. The tasks included manual control (one axis compensatory tracking, subcrhlca]
instability tracking, step tracking, target acquisition), perception (iconic memory, pattern

recognition), short-term memory (the Sternberg task. serial pattern matching), cognitive pro-

cessing (mental rotation, logical reasoning, serial arithmetic, time production), parallel and

serial dual-tasks (variations of FITTSBERG. two axis compensatory tracking), and the POP-

CORN supervisory control task. The experimental tasks were grouped according to the

categories in the initial data base: (1) SINGLE-COGNITIVE. (2) SINCLE-MANUAL, (3)
DUAL-TASK, (4) FITTSBERG. (5) and POPCORN. The SI.'kWLAT]ON category was not

included. The initial results will be discussed very briefly to illustrate the success of the pro-

posed rating scale in meeting its objectives. A more complete description of the experimental
tasks, procedure, and results is in progress.

Weights

Subjects were able to specify which factors contributed most (and least) to the.workload
they experienced during each type of task. As an example the weights given for one task

selected from each category are depicted in Figure 9. The workload sources for one of the

tasks in each category (weights) are represented as deviations from an "average" weight of 2.5.

The values each weight could attain ranged from 0 to 5 (not at all important to more impor- J
rant than any other factor, respectively). The subjective evaluations of the contribution of

different sources of workload varied significantly among the different types of tasks. These

evaluations reflected the objective experimental manipulations (e.g., MD, PD, and TD) as well I
as the subjects' individual responses to them (e.g., OP: EF, FR). For example, MD was the l

most significant contributor to the workload of the logical reasoning task, while PD was the Imost significant contributor to the workload of the subcritica] instability tracking. For

different tasks that shared common sources of loading, similar patterns of weights were found.
For example, MD was the primary source of workload for SINCLE-COGNITIVE tasks that '

Table 11: Validation Study

Correlations among bipolar ratings

MD PD TD OP EF FR

PD

TD

OP

EF

FR

OW

.57

.58 .50

.36 .27 .32

.76 .58 .66 .40

.54 .44 .52 .57 .69

.84 .70 .67 .46 .84 .70

Table 12: Validation Study

Beta weights for the six rating subsca]es regressed on OW (*=p<.01)

r_" MD PD TD OP EF FR

SINGLE-COGNITIVE .88 .43* .15" .04 .01 .33* .13'

SINGLE-MANUAL .78* .38* .39* .11" .12" .21" .00

DUAL-TASKS .82 .41" .19" .02 .09* .29* .20*

FITTSBERG .86 .32* .24* .17" .09* .16" .19"

POPCORN .90 .34* .23 * .22* .03 .19" .10"

OVERALL .86 .38* .22* .08 .05 .24" .16"



had no time constraints, whereas both MD and TD were equally important for SINGLE-

COGNITIVE tasks that placed time limits on information gathering, processing, or response.

When weights were obtained several times for the same task, the relative importance of

task-related factors did not change significantly, although the importance of the subjects' emo-

tional responses to the task (e.g., FR) was reduced as task performance improved through

training. When weights were obtained for different components of a complex task, they dis-

tinguished among the sources of load unique to each task component as well as for the com-
bined tasks.

It is clear from the results of analyses performed on the weights, that the sources of load

do. indeed, vary among tasks (at least from the perspectives of the raters). Although these

weights still reflect some individual differences in the subjective importance of different factors.

the variations in sources of workload characteristic of different types of activities provides a

more potent description of the task characteristics than could the a priori weights obtained

from each rater. It is likely that these differences should be taken into account when comput-

ing a weighted average. Furthermore. the values assigned to each factor averaged across sub-

jects provided a diagnostic tool. By identifying the specific source of workload in a task it pro-

vides a basis for deciding hot" to modify unacceptably high levels of workload in operational
environments.

Ratings

As we found with the initial set of nine scales, ratings on some of the six NASA-TLX

subscales were significantly correlated (Table l 1); however, the six subscales appeared to be

somewhat more independent than were the original nine scales. For some factors (e.g., TD

and FR) magnitude ratings were highly correlated with the subjective importance placed on

that factor as a source of workload. For example, time pressure was a significant source of

workload only t'hen it was high. When ]kiD or PD was a primary source of workload, however,
the magnitude ratings were not necessarily high. For example, PD was considered to be the

primary source of load for the subcritica] tracking task, yet PD ratings were quite low (26).

Man)" tasks were thought to have MD as a primary source of workload, yet MD ratings ranged

from 20 to 66. depending on the magnitude of the mental demands each task placed on the

subjects. EF was considered to be a moderate])" important source of workload (weights varied

from 1.2 to 2.8) for every task and EF ratings were consistently highly correlated with OW

ratings. The importance of OP varied widely across tasks (weights varied from .8 to 3.3), yet

OP ratings were relatively unrelated to OW ratings. As expected, the sensitivity of individual

scales to experimental manipulations varied depending on the sources of load and ranges of l

levels in each task. i

As with the initial data base, ratings on the six NASA-TLX subscales were regressed i

against OW ratings within each category and across categories. Table 12 shows that these six

scales were able to account for a highly significant percentage of the variance in OW ratings

(r-squared values ranged from 0.78 to 0.90), even though their numbers was reduced from the

original nine. In addition, the correlation among the regression coefficients were rarely

significant, providing additional evidence that these six scales represent relatively independent
sources of information about the workload imposed by different tasks.

Within each experiment, the B-S variability in the magnitude of the WWL ratings for

the six subsca]es was generally less than the B-S variability of global OW ratings. In contrast

to the subject-related weights used in the previous set of experiments, however, the task-

related weights provided workload estimates that were more sensitive to experimental mani-

pulations than the global workload OW ratings were. When TD, MD or PD was varied whhln

a task the ratings obtained for these factors were significantly different. Since these factors



were also weighted more heavily in computing the averaged weighted workload score, the sen-

sitivity of the summary value was enhanced as well. Highly significant differences in subjec-

tive workload ratings were found within each experiment that reflected meaningful experimen-

tal manipulations which covaried with objective performance measures. Using the POPCORN
tasks as an example, both the rate of movement of task elements and the inter-arrival rate of

groups of elements resulted in highly significant differences among scores. Average scores

ranged from 200 to 700 between the most dimcult and the easiest versions while average work-
load ratings ranged from 47 to 73 for the same experimental c-nditions. On the other hand.

where performance differences were not found (e.g.. among replications once asymptotic per-
formance levels were reached), subjective _orkload measures were not significantiy different.

In a different study, we looked at the effect of administering the NASA-TLX either ver-

bally, by paper-and-pencil, or by computer. Subjects provided TLX ratings following asymp-
totic performance of two levels (E,H) of three tasks (target acquisition, grammatical reason-

ing, and unstable tracking) using the three methods. On the average, ratings obtained by the

computer method were 2 points higher than by the verbal method, and 7 points higher than

by the paper-and-pencil method. Although the ratings obtained by the computer method were
significantly different than those obtained by the the paper-and-pencil method, the absolute

differences in numbers are less important than the fact that the patterns in the magnitudes of

the ratings were extremely consistent for all tasks. The correlations among the three methods

were very high: computer vs verbal = .96, computer vs paper/pencil = .94, and verbal vs
paper/pencil =.95.

This study was conducted again four weeks later to evaluate the test Jretest reliability in
the rating techniques. The relationships among the three methods were the same in the initial

test as in the ret'est: there were no significant differences between ratings given for a task in
the initial test and ratings for that same task in the retest, for any of the three methods. The

correlation between the test,'retest ratings was .83. Despite the consistency in the patterns of

ratings in the three methods, we feel the verbal method is the least desirable method, even

though it is the easiest to administer. In particular, confusion can arise due to population

stereotypes about whether ones own performance should have a high number associated with

good performance and a low number associated with bad performance. In the TLX scale, good

performance is associated with a low number, as lower workload is usually accompanied by
better performance.

SUMMARY

This chapter has p_'esented the rationale behind the design of the NASA-TLX for subjec-

tive workload assessment based on the results of a three-year research effort. Given the many
problems outlined above, the ability of subjects to give meaningful ratings is remarkable.

Because this area has received relatively little theoretical attention, our goal was to provide a

data base containing examples of a wide variety of activities from which general principles and
relationships could be drawn.

Until recently, subjective ratings have been treated .as tools that are subject to undesir-

able biases and that represent the discredited practice of Introspection. Instead, it appears

that the biases'observed in workload ratings, as for subjective evaluations of other factors,
may actually reflect interesting and significant cognitive processes (ref. I-1). At least five

sources of rating variability were identified: (1) variations in the objective and subjective
importance of different features to the workload of different tasks: (2) experimental variations

in the magnitudes of different factors; (3) differences in the rules by which individuals com-

bine information about the task, their own behavior, and psychological responses to the task

into subjective workload experiences; (4) difficulties associated with translating a subjective
experience into an overt evaluation; and (5) lack of sensitivity to experimental manipulations



or psychological processes. To some extent, these variables are under experimental control.

However, the subjective experience of workload represents the intersection between

objective task demands and each individual's response to them. Thus, uncontrolled sources

of variability are necessarily introduced. Differences in workload associated with the specific

composition of a task and its psychological counterpart can be identified though subjective

reports about specific (rather than abstract or general) activities. This information is included

in the proposed multi-dimensional rating scale. NASA-TLX. in the form of weights applied to

ratings for specific factors. The last two sources of variability, those related to psychometric

and sensitivity problems, are likely 1o remain as uncontrolled ar, d undesirabl(, sources of rat-

ing variability. Ho_vever. by soliciting appropriate subscales, weighting factors, scale designs,

and reference tasks, there should be a sufficient improvement in sensitivity and stability so
that these other sources of variability should only add "noise" rather than compromise the

utility of subjective ratings as a significant and practical source of information about work-
load.

i

From all of the information obtained in the initial analysis of the original data base and

from the preliminary analysis of the set of experiments included in the validation study, it

appears that the NASA-TLX scale is more sensitive to experimental manipulations of work-

load than either a global rating or a combination of subscales weighted to reflect the a priori

biases of the subjects only. Furthermore, each of the six subscales was found to be the primary
source of loading in at least one experiment and to contribute to the workload of others. Each

factor was, therefore_ able to contribute independent information about the structure of

different tasks. Thus, NASA-TLX provides additional information about the tasks that is not

available from either SWAT or the original, nine-factor scale.

NASA-TLX ratings were obtained quickly (it took less than one minute to obtain the six

ratings after each experimental condition). In addition, it took no more than two minutes to

obtain the weights for each different type of task. This suggests that the proposed multi-

dimensional rating scale would be a practical tool to apply in operational environments (which

the nine-factor scale was not) and data analysis is substantially easier to accomplish than it is

with SWAT, which requires a specialized conjoint analysis program. The weighted combina-
tion of factors provides a sensitive indicator of the overall workload between different tasks

and among different levels of each task, while the weights and the magnitude of the ratings of
the individual scales provide important diagnostic information about the specific source of
loading within the task. i



APPENDIX A: Sample Application of the NASA-TLX.

EXAMPLE:

COMPARE WORKLOAD OF TWO TASKS THAT REQUIRE A SERIES OF DISCRETE

RESPONSES. THE PRIMARY DIFFICULTY MANIPULATION IS THE INTER-STIMULUS

INTERVAL (ISI) - (TASK 1 = 500 msec. TASK 2 = 300 msec)

PAIR-WISE COMPARISONS OF FACTORS:

INSTRUCTIONS: SELECT THE MEMBER OF EACH PAIR THAT PROVIDED THE MOST

SIGNIFICANT SOURCE OF WORKLOAD VARIATION IN THESE TASKS

TALLY OF IMPORTANCE

PD / M@ @ / PD / FR SELECTIONS

-- _ MDIII = 3

/ MD _/ PD / EF PD = 0. o T°FR / / PD OP OP I = 1
FR III -- 3

(_/ MD / OP EF EF III = 3

SUM = 15

RATING SCALES:

INSTRUCTIONS: PLACE A MARK ON EACH SCALE THAT REPRESENTS THEMAGNI-

TUDE OF EACH FACTOR IN THE TASK YOU JUST PERFORMED

DEMANDS RATINGS FOR TASK 1: RATING WEIGHT PRODUCT

MD LOW I x I HIGH 30 X 3 = 90

PD LOW I x I HIGH 15 X 0 = 0

TD LOW I x 1 HIGH 60 x 5 = 150

OP EXCL I x I POOR 40 X 1 = 40

FR LOW I X I HIGH 30 X 3 = 90

EF LOW I x I HIGH 40 X 3 = 120

SUM = 490

WEIGHTS (TOTAL) = 15

MEAN VVWL SCORE =

i

DEMANDS RATINGS FOR TASK 2: RATING WEIGHT PRODUCT

MD LOW x I HIGH 30 X 3 = 90

PD LOW x I HIGH 25 X 0 = 0

TD LOW × I HIGH 70 X 5 = 350

OP EXCL × I POOR 50 X 1 = 50

FR LOW X I HIGH 50 X 3 = 150

EF LOW X I HIGH 30 X 3 = 90

SUM = 730

WEIGHTS (TOTAL) = 15

MEAN WWL SCORE =

RESULTS:

SUBSCALES PINPOINT SPECIFIC SOURCE OF WORKLOAD VARIATION BETWEEN

TASKS (TD}. THE WWL SCORE REFLECTS THE IMPORTANCE OF THIS AND OTHER

FACTORS AS WORKLOAD-DRIVERS AND THEIR SUBJECTIVE MAGNITUDE IN
EACH TASK

i
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